INTRODUCTION {#S0001}
============

Ionizing radiation exposure of the population in the United States has almost doubled during the past two decades, and medical procedures are considered to be the main source of radiation \[[@CIT0001]\]. This radiation exposure comes from diagnostic imaging studies as well as fluoroscopic visualization utilized during therapeutic interventions. The estimated personal radiation exposure in 2006 was 3.0mSv and computed tomography contributed to almost 50% of the total amount whereas radiation from interventions utilizing fluoroscopy, accounts for 14% \[[@CIT0002]\].

With its increased prevalence all over the world during recent years, urinary stone disease is becoming an important health problem and patients with urinary stone disease are at a higher risk for increased radiation exposure \[[@CIT0003], [@CIT0004], [@CIT0005]\]. It has been shown that after an acute stone event, the median total effective radiation dose received per patient is 29.7mSv during the first year of follow-up \[[@CIT0005]\]. Moreover, recently developed minimally invasive treatment modalities for urinary stone disease further increase the amount of radiation exposure as extracorporeal shock wave lithotripsy (ESWL), percutaneous nephrolithotomy (PNL) and retrograde intrarenal surgery (RIRS) are usually performed under fluoroscopic guidance. Despite vigorous preventative measures, both the patients and the operating staff are under risk of radiation exposure during these procedures. In addition to numerous radiation safety protocols developed to minimize the risk of exposure, a recent study demonstrated that real-time dose reporting may be beneficial in reducing the radiation exposure by increasing the awareness of the physicians \[[@CIT0006]\].

Instadose™ is a novel dosimeter designed to provide a precise measurement of the radiation dose at any time from any computer with accurate long-term exposure tracking. This study was designed to demonstrate the efficacy of Instadose™ for the measurement of radiation exposure during PNL and define the factors that affect the amount of radiation exposure.

MATERIAL AND METHODS {#S0002}
====================

Study design {#S20003}
------------

After obtaining institution review board approval, all patients who underwent PNL for kidney stones between December 2013 and July 2014 were consecutively enrolled. The attending surgeons placed Instadose™ on the right chest of the outer part of their lead aprons during PNL procedures. Patient demographics, stone characteristics and operative findings were recorded. Stone size was calculated as the largest diameter of the stone while stone locations were classified as either calyceal or pelvic/upper ureteral. Stones were accepted as simple if they were located in a single calyx and complex if they occupied more than one location (partial and complete staghorn stones). The radiation dose experienced at the end of each case was noted and analyzed to define factors affecting the radiation dose.

Radiation measurements {#S20004}
----------------------

The Instadose™ dosimeter utilizes Direct Ion Storage (DIS) technology for its radiation detection. DIS is a non-volatile analog memory cell surrounded by a gas filled ion chamber. For photon radiation, initial interactions take place in the wall of the chamber and secondary electrons ionize the gas inside the chamber. Dose is determined by taking the differences in charge from one read event to the next. The dosimeter is composed of two ion storage chambers. The first chamber measures the dose from 0.01mSv to approximately 120mSv cumulative dose and the doses exceeding 120mSv are calculated using the second chamber.

The Instadose™ in conjunction with the web-based software performs the calculations of dosage and only the dose accumulated between two reads is reported ([Figure 1](#F0001){ref-type="fig"}). The overall cumulative dose is also maintained but not shown.

![(A) The physician can easily connect the device to personnel computers and manage all the elements of radiation monitoring program online from anywhere. (B) The device is USB compatible and can be connected to any computer. (C) The graphical representation of the dose is loaded on the screen. (D) The known tissue effects of radiation is provided together with the exposed dose after each reading.](CEJU-69-00779-g001){#F0001}

PNL technique {#S20005}
-------------

After biochemical and hematological evaluation, all the procedures were performed by two specialized endourologists (EY and MT). Each patient underwent PNL in prone position, beginning with transurethral insertion of a ureteral catheter for the delivery of contrast material to delineate the renal collecting system. Percutaneous access was achieved in the operating room by the attending urologist under the guidance of a C-arm (Sire Mobil Compact L, Siemens AG, Erlangen, Germany) fluoroscopic examination. The tract was dilated either with a high-pressure Nephro Max^®^ (Boston Scientific, Natick, MA, USA) balloon dilator, or Amplatz Type Renal Dilators^®^ (Boston Scientific Natick, MA, USA). Finally an 18, 24 or 30-F Amplatz sheath was placed. Nephroscopy was performed with a rigid 26-F nephroscope (Karl Storz Gmb H&Co, Tuttlingen, Germany). Fragmentation of the stone burden was accomplished using an ultrasonic lithotripter (Swiss Litho Clast Master, Switzerland). Large fragments were removed using tri-pod forceps. Additional tracts were created when indicated during the same session. In short, non-bleeding cases without any preoperative complications, the sheath was removed without a tube. Otherwise, a 14-F nephrostomy tube was placed inside the renal pelvis or the involved calyx at the end of each case. To check the stone free status and the anatomy of the collecting system, a final nephrostography was performed at the conclusion of the case.

X-ray of the kidneys, ureters and bladder was obtained on the first postoperative day to assess the initial results of the procedure and the nephrostomy tube was removed on the second postoperative day, if the patient was rendered stone free. In tubeless cases, the ureteral catheter was removed on postoperative day one and asymptomatic patients were discharged.

All cases were evaluated with non-contrast CT on postoperative third month follow-up visits. PNL was considered successful if the patient was stone free.

Statistical analysis {#S20006}
--------------------

Statistical analyses were performed by Number Cruncher Statistical System 2007 statistical software package program (NCSS, LLC, Kaysville, UT). In addition to descriptive statistics (mean, standard deviation, median, interquartile range), data were evaluated by the Mann-Whitney U test for comparison of paired groups and Spearman\'s correlation test for the detection of correlations between variables. Statistical significance was set as p \<0.05.

RESULTS {#S0007}
=======

Patient demographics and stone characteristics {#S20008}
----------------------------------------------

Overall, 51 patients with a mean age of 43.41 ±18.58 (range 1--75) years were enrolled. Patient characteristics can be seen in [Table 1](#T0001){ref-type="table"}. Mean stone size was 36.58 ±15.47 (range = 12--80) mm. Of the patients, 10 (19.60%) had calyceal and 14 (27.45%) had pelvic or upper ureteral stones. Partial and complete staghorn stones were detected in 17 (33.33%) and 10 (19.60%) patients, respectively ([Table 1](#T0001){ref-type="table"}).

###### 

Patient characteristics

  ---------------------------------------------------------------------------------
  Characteristics                                  
  ------------------------------------------------ --------------------------------
  Mean age (years ±SD)                             43.41 ±18.58 (range: 1--75)

  Gender (male/female)                             35/16

  Mean BMI (kg/m^2^ ±SD)                           24.93 ±4.97 (range: 13--38.6)

  Stone location\                                  \
   Calyceal\                                       10 (19.60%)\
   Pelvic/Upper ureteral\                          14 (27.45%)\
   Partial Staghorn\                               17 (33.33%)\
   Complete Staghorn                               10 (19.60%)

  Preoperative mean serum creatinine (mg/dl ±SD)   1.01 ±0.43 (range: 0.46--2.68)
  ---------------------------------------------------------------------------------

BMI -- Body Mass Index

Operative findings {#S20009}
------------------

The dilation of the tract was performed up to 18Fr in 1 (1.9%), 24Fr in 11 (21.6%) and 30Fr in 39 (76.4%) patients. Balloon dilators and Amplatz renal dilators were used in 39 (76.4%) and 12 (23.6%) patients, respectively. Subcostal access was necessary in 44 (86.27%) patients whereas 7 (13.72%) patients required intercostal access. Multiple accesses were performed in 7 (13.72%) patients to achieve stone-free status. Fourteen (27.45%) patients underwent tubeless PNL. Operative findings are summarized in [Table 2](#T0002){ref-type="table"}. At the third month control, stone free rate was 80.39% while 13.72% patients were referred to auxiliary treatments.

###### 

Operative findings

  ------------------------------------------ -------------------------------
  Mean operation time (minute ±SD)           82.84 ±39.23 (range: 20--180)

  Mean fluoroscopy time (minute ±SD)         4.51 ±2.58 (range: 1.2--10)

  Mean radiation exposure (mSV ±SD)          0.02 ±0.03 (range: 0--0.11)

  Overall Complications (Clavien Grade 2)\   8 (15.68)\
   Blood transfusion\                        2 (3.92%)\
   Postoperative fever                       3 (5.88%)

  Mean hospitalization time (days ±SD)       3.76 ±3.41 (range: 1--21)

  Mean nephrostomy time (days ±SD)           2.56 ±2.75 (range: 0--14)
  ------------------------------------------ -------------------------------

Radiation exposure {#S20010}
------------------

The amount of radiation was detectable (\>0.01mSv) in 19 (37.25%) of the cases. The mean radiation dose was 0.02 ±0.03 (range: 0--0.11) mSv. Instadose™ measurements were correlated with fluoroscopy time (r = 0.519, p = 0.001) ([Table 3](#T0003){ref-type="table"}). However, there was no significant difference in the amount of radiation exposure between patients with simple and complex stone location (0.029 ±0.036 mSv *vs*. 0.021 ±0.033, p = 0.380) as well as between PNL operations performed with balloon dilators and Amplatz renal dilators (0.021±0.031 *vs*. 0.055 ±0.077, p = 0.584). Moreover stone size (p = 0.565), dilation size (p = 0.891), access number (p = 0.268) and operation time (p = 0.201) were not associated with increased radiation exposure ([Table 3](#T0003){ref-type="table"}).

###### 

Operative findings

  --------------------------------------------
  Variable                  Instadose™ (mSv)
  ------------------------- ------------------
  Stone size (mm)\          \
   r\                       0.082\
   p                        0.565

  Operation time (min)\     \
   r\                       0.182\
   p                        0.201

  Fluoroscopy time (min)\   \
   r\                       0.519\
   p                        0.001

  Dilation size (Fr)\       \
   r\                       0.021\
   p                        0.891

  Access number\            \
   r\                       0.158\
   p                        0.268
  --------------------------------------------

DISCUSSION {#S0011}
==========

The aim of this study was to demonstrate the efficacy of Instadose™ for the measurement of radiation exposure during PNL and to define the factors that affect the amount of radiation exposure. Instadose™ is a novel dosimeter that is designed to provide the opportunity of performing precise and instant measurements of exposed radiation dose and its utility in urological procedures has not been evaluated before. The device records doses over 0.01mSV and this amount of dose was reached in only 37.25% of our cases. Contrary to the previously published series which evaluated radiation exposure in terms of fluoroscopy screening time \[[@CIT0007], [@CIT0008], [@CIT0009]\], our results showed that stone location complexity (p = 0.380), stone size (p = 0.565), dilation type (p = 0.584), dilation size (p = 0.891) and access number (p = 0.268) were not associated with increased radiation exposure. The small number of cases in which the amount of radiation was detectable may be responsible for these conflicting findings. Moreover, assessing the amount of radiation exposure instead of calculating the fluoroscopic screening time may play a role in this phenomenon. The settings and maintenance status of the device used, the angle of the camera, the distance between the source and the intensifier, level of magnification, and collimation, together with the patient position and size all affects the dose of radiation \[[@CIT0006]\].

In the National Council on Radiation Protection and Measurements (NCRP) reports, it is recorded that radiation protection must be based on the guiding principles of justification, dose limitation and the reduction of dose to levels as low as reasonably achievable (ALARA) \[[@CIT0010], [@CIT0011]\]. The Council set specific upper limits of acceptable dose for occupationally exposed individuals to 50 mSv per yearfor the whole body. On the other hand, the International Commission on Radiation Protection recommends an effective dose of 20 mSv per year over a defined period of 5 years on average as the occupational dose limit \[[@CIT0012]\]. Fortunately, the amount of radiation one is exposed to during PNL was undetectable in the majority of our cases and it has never exceeded 0.2 mSv.

Several studies searched for factors which may have an impact on the total amount of radiation. Tepeler et al. \[[@CIT0009]\] evaluated the data of 282 patients who underwent PNL and demonstrated that having a large stone necessitating multiple renal accesses was the only factor that significantly increased the fluoroscopic screening time. Mancini et al. \[[@CIT0013]\] also determined the risk factors for increased radiation exposure in 96 PNL cases. Instead of fluoroscopic screening time, they calculated the effective dose exposure (multiplication of the dose area product provided by the fluoroscopy unit with a conversion number) for reporting the amount of radiation. The mean effective dose was 8.66 mSv and was significantly associated with stone burden, increased number of accesses and BMI. However, it has been shown that calculating the effective dose is not a reliable method either and it underestimates the radiation exposure \[[@CIT0014]\].

In addition to the aforementioned risk factors, the surgeon\'s knowledge regarding the best practice guidelines during fluoroscopy may have an impact on the amount of radiation exposure. Reducing the fluoroscopy time, limiting high dose digital acquisition runs, collimation to the area of interest and using pulsed fluoroscopy can decrease the exposed dose \[[@CIT0015]\]. As it is not possible to manipulate the stone and patient related factors, several protocols and techniques are described to decrease the radiation exposure \[[@CIT0016]--[@CIT0019]\]. Sheyn et al. \[[@CIT0020]\] demonstrated the efficacy of the radiation safety education initiative in reducing the radiation exposure. After giving a lecture and an article regarding ALARA principles for optimizing radiation dose to the radiology staff, they recorded that dose-area product, fluoroscopy time and the use of shield equipment before and after the education program and concluded that radiation safety education improved the practice of the staff and decreased the exposure to radiation. Patel et al. \[[@CIT0006]\] retrospectively analyzed the data of 291 pediatric patients to determine the efficacy of a radiation safety protocol to reduce radiation exposure. Their protocol consisted of low pulse rate fluoroscopy settings, low dose cine frame setting, operator notification of skin entrance dose at every 1,000 mGy, adjusting cameras by \>5 degree at every 1,000 mGy and appropriate collimation. After implementation of this protocol, they reported significant reductions in all measures of radiation exposure including fluoroscopy time, skin entry dose, dose area product and effective dose. The authors concluded that radiation safety protocols, which increase physician awareness by using real-time radiation monitoring, may be effective. We believe that measuring the amount of radiation exposure after each PNL operation may also increase the physician\'s awareness and motivate them to apply appropriate radiation safety protocols more strictly.

Several studies measured the amount of radiation exposure during PNL \[[@CIT0021]--[@CIT0027]\]. Although the overall exposed radiation dose was as high as 20 to 40 µSv in older studies, a recent paper reported that it is less than 2 µSv per case \[[@CIT0025]\].This downward trend can be explained by better understanding of the hazardous effects of radiation, advancements in technology, increase in urologists' experience and improved operating and disposable instruments. In this study, the Instadose™ recorded radiation of 0.01mSV in only 19 (37.35%) procedures despite wearing it on the outer surface of the lead aprons. Our findings also confirmed that with proper precautions, the exposed radiation dose is minimal.

Our study has several limitations. First of all the operators wore the dosimeter on the outer surface of their lead apron instead of the inner surface and hence overestimated the exposed total dose. Also, dosimeter was worn only on the torso and the hands and the eyes were excluded. Future studies may be designed to measure the amount of radiation exposure in different parts of the body of both surgeons and patients. Finally, measuring the radiation exposure in every stage of the operation (i.e. access, dilation, stone removal, drain placement) would be of benefit.

CONCLUSIONS {#S0012}
===========

Instadose™ is a useful tool for the measurement of radiation exposure during PNL. The advantage of measuring the amount of radiation exposure after each PNL operation may aid urologists take appropriate precautions to minimize the risk of radiation related complications. Further prospective studies are required to demonstrate the beneficial effects of instant dose measurement at the end of each case.
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